Maintenance of a stock culture of Bacillus cereus by subculture on nutrient agar plates resulted in dissociation of the culture manifest as the development of fimbriate outgrowths from the initially entire peripheries of confluent streaks and isolated colonies. Auxanographic determination of minimal amino acid requirements of the dissociated culture indicated that it was composed of at least two types of organism: one was sensitive to (i.e. probably lysed by) L-lysine and the other resistant. They were further separated on the basis of sensitivity to lysine and colonial morphology into six different types. The microscopic appearance of organisms and their arrangement within colonies indicated that the original culture and each of the variants was a rough (R) type. At 28", four variants required only L-glutamate for growth, while the remaining two required L-cysteine or L-a-alanine in addition. At 35" a greater number of amino acids had to be supplied for growth to occur. At neither temperature did the variants show a requirement for growth factors of the vitamin B-complex. These nutritional requirements, together with infrared spectra of whole organisms and biochemical characteristics determined by conventional methods, confirmed that each variant, though showing minor differences, did represent a culture of B. cereus. On auxanographic plates in the presence of L-lysine at 28", three variants were lysed, one was unaffected, and the growth of two enhanced.
INTRODUCTION
The ease with which bacteria, and in particular the aerobic sporeformers, dissociate is well known and is one cause of the difficulties encountered in identification and classification of members of the genus Bacillus. Though there have been many studies of dissociation of Bacillus (Smith, Gordon & Clark, 1952;  Braun, 1947) , few have been concerned with detecting alterations in metabolic and nutritional patterns. The dissociation has usually been correlated with change of colonial morphology or capacity to form a particular metabolic product. The requirements for growth factors and amino acids have been separately reported in some detail for a few members of the genus, namely: B. polymyxa and B. macerans (Katznelson, 1944) , B. Zamae (Katznelson & Lochhead, 1948) , B. larvae White (Lochhead, 1942) , B. alvei and B. para-alvei (Katznelson & Lochhead, 1947) , B. anthracis (Brewer et al. 1946) , B. popilliae Dutky and B. lentimorbus Dutky (Dutky, 1947) , B. subtilis (Teas 1950 ; Demain, 1958) , and B. coagulans (Cleverdon, Pelczar & Doetsch, 1949a, b;  glass having the following composition (yo, w/w) : SO,, 71.5; A1,0,, 2.2; CaO, 5.7; MgO, 8.0; BaO, 1.7; Na,O, 14.0; K20, 1.5. This analysis is given since, under the same growth conditions, equivalent flasks of Pyrex glass caused a marked lag in growth response.
Agar. The material used was of Korean origin. Organism. Bacillus cereus strain CN 753 was selected from the Wellcome Research Laboratories Culture Collection.
Media. Nutrient broth was used for growing crops of organisms to be used subsequently as inocula. For nutritional investigations a chemically defined medium similar to that of Knight & Proom (1950) Maintenance of cultures. (a) During the early phase of the work a freeze-dried stock culture was reconstituted in 0-5 ml. nutrient broth, incubated for 2-3 hr at 28' and then plated on nutrient agar to check purity. The culture was kept at room temperature and further maintained by fortnightly or monthly subculture on to plates of fresh medium. (b) Following the change in growth characteristics and subsequent separation of variants, freeze-dried stocks of each were stored at 4'.
Preparation of inocula for growth ezperiments. For each experiment the appropriate freeze-dried culture was reconstituted and plated to check purity and colonial morphology. A liquid culture in broth inoculated from a single typical colony was then grown at 28" overnight. The organisms contained in a 6 ml. portion were then washed successively in three 6 ml. portions of sterile saline and finally suspended in a fourth 6 ml. portion. After determining the concentration of the suspension it was diluted to correspond to 85 pg. dry weight bacteria/ml. This suspension served as the inoculum, 0 4 ml. being added to about 20 ml. of final medium. Finally the suspension was plated to check viability, purity and colonial morphology.
Inocula for auxanography. Crops of organisms were grown and washed as described above and enough bacterial suspension added to cooled molten agar medium to produce a concentration of organisms in the final plates corresponding to 10 pg. dry wt. bacterialml.
Measurement of amount of organism in inocula. The extinction of a known dilution of a washed cell suspension of organism was measured in 1 em. optical cells at 404 mp, by using a Unicam SP 1400 spectrophotometer. The amount of organism, in terms of pg. dry wt. bacterialml. suspension was then read from a calibration curve, and the value calculated for the undiluted suspension. The latter was then diluted before use to a concentration of organism equivalent to 85 pg. dry wt. bacteria/ml.
Measurement of growth. Extinctions of cultures in liquid chemically defined medium were read in situ by using specially designed culture flasks (Moore, 1963) , the side-arms of which fitted into the optical cell carrier of the same spectrophotometer. The values are recorded in terms of pg. dry wt. bacteria/ml.
Preparation of chemically defined medium. Each of the inorganic salts was kept as a concentrated aqueous stock solution at room temperature. Glucose, or maltose, solution (25 %, w/v) in de-ionized water and separate solutions of amino acids in 0-25 M-phosphate buffer (pH 7.0) were freshly made for each experiment.
Complete basal (BM) medium. Appropriate volumes of stock inorganic salt solutions were added to about 800 ml. de-ionized water, the mixture adjusted to pH 7.5 and the volume made to 900 ml. The mixture was then heated to boiling, cooled quickly to about 15' and filtered (Whatman no. 1). The volume of the filtrate was readjusted to 900 ml. and to pH 7.5. Portions of 18 ml. were then distributed into culture vessels and sterilized. Glucose or maltose solution ( O -P d . ) was added aseptically and the completed medium left for 18-24 hr at room temperature before being inoculated.
For auxanography, agar (2 g.) and BM medium (75 ml., sugar omitted) were autoclaved in admixture, and glucose or maltose solution (4 ml.) added aseptically to the cooled mixture.
Complete chemically defzned (CDM) medium. Solutions of amino acids were added asceptically to each of the portions of BM medium so that the final concentration of each compound (in ,ug./ml.) was DL-leucine, DL-isoleucine, DL-valine, DL-threonine, L-arghine, L-cystine, DL-methionhe, DL-tryptophan, DL-serine, 50 ; L-glutamic acid, 200 ; L-lysine, 1000 ; glycine, 1000.
Sterilization. Solutions of methionine and serine were filtered through Ford SB pads. Sugar solutions, BM medium and solutions of the other amino acids were autoclaved separately at 15 1b./ha for 10 min. (121").
Incubation. Culture flasks, maintained a t 28' or 35"+0*1' as required, were shaken in a Gallenkamp Metabolic Shaker (reciprocal) at 200 strokes (2.5 em. amplitude)/min. This effected some degree of aeration and also maintained the organisms in suspension.
Auxanographic tests.
A technique similar to that described by Pontecorvo (1949) was used. Korean agar (2 g.) was washed by repeated suspension in fresh portions (1 1.) of de-ionized glass-distilled water during the day before use. After standing in water overnight the agar was washed once more, drained of excess water, mixed with BM medium (glucose omitted) and autoclaved (121'; 15 min.). Glucose (or 21-2 maltose) and amino acids as required were added aseptically to the cooled mixture (37-42") . This was then inoculated with the calculated volume of washed suspension of organism. After thoroughly mixing, portions (10 d.) were quickly run into Petri dishes, allowed to set, and then dried in an inverted position for 1 hr a t 35".
Each plate was then overlaid with 5 ml. of an aqueous solution of washed agar ( 2 %, w/v), and dried similarly. Compounds to be tested were applied to this top layer in very small quantities at well-separated marked positions. Not more than six compounds were applied to dishes of 8.5 cm. diameter.
Replica plating. The technique has been described in detail by Lederberg & Lederberg (1952) .
RESULTS
Dissociated culture. The fimbriate edges of colonies which developed after repeated subculture of Bacillus cereus CN 753 on nutrient agar at 28" are shown in P1.1, fig. 2 . Such a culture will be referred to as a dissociated culture; for comparison the appearance of colonies immediately on reconstitution from freeze-dried specimen is shown in P1. 1, fig. 1 .
Minimal amino acid requirements for growth at 28". Auxanographic tests with BM medium and glucose as carbon energy source showed that at 28' the culture did not grow when ammonium ion was the sole source of nitrogen. Of sixteen common amino acids tested singly only L-glutamic acid or L-aspartic acid supported good growth (Pl. 1, fig. 3 ). Subsequent tests in liquid BM medium confirmed these results and indicated that a concentration of 1000 pg. L-glutamate/ml. was optimal. Growth response to L-aspartate under the same conditions was erratic. At best, only thin, clumped growth was obtained with L-aspartate at 250 ,ug./ml.
The eflect of lysinei-glycine mimture on growing organisms. The effect of these amino acids was first seen during an attempt to determine auxanographically whether or not minimal amino acid requirements varied with the carbon energy source supplied. A series of auxanographs containing pure glucose showed growth only around L-glutamic acid and L-aspartic acid; effects on growth due to the presence of L-lysine and glycine were not demonstrable. However, in a replicate series, the overall growth which resulted from the chance use of a sample of impure maltose (subsequently shown to be contaminated by several amino acids) made it possible to observe, in the particular plate bearing L-lysine and glycine in close proximity, the development of a clear zone between the points at which each had been applied. Within 48 hr after completion of the clearing, comparatively large colonies had developed in the clear zone. The final appearance of such a plate is shown in P1. 1, fig. 4 . Since overall growth was followed by clearing the effect is referred to as lysis rather than as inhibition, although proof of this is wanting. Growth of the dissociated culture, or of certain of the separated variants in repeat tests, did not consistently demonstrate the necessity for the presence of glycine, in addition to L-lysine, for lysis to occur. The shape assumed by a lysed area varied, therefore, between a biconvex area often situated exactly between the separate points of application of lysine and glycine, and a circle surrounding the lysine or lysine+ glycine applications. Lysis was never detected when only glycine was present. The apparent necessity of both amino acids is shown in P1. 1, fig. 5 .
Prevention of the Zytic eflect. Plates of BM medium agar containing impure maltose (1 mg./ml.), L-lysine (1 mg./ml.), and glycine (1 mg./ml.), and seeded with the dissociated culture, were poured, dried as usual, and then a variety of compounds touched on at separate points. Protection against the lytic effect was shown by the development of dense growth around the active compound. The remaining area of each plate was clear except for a general scatter of a few large colonies of the resistant variants (P1 1, fig. 6 ). Compounds having this 'protective' property were the following : L-aspartic acid, L-cystine, L-cysteine, L-histidine, L-glutamine, L-glutamic acid, DL-leucine, DL-isoleucine, L-methionine, L-tyrosine, DL-threonine, DL-valine, DL-norvaline. Those which did not protect were : L-a-alanine, p-alanine, L-arghine, DL-a-amino-n-butyrate, DL-p-amino-n-butyrate, DL-y-amino-n-butyrate, L-hydroxyproline, DL-serine, DL-P-phenylalanine, DL-tryptophan, L-profine, DLpenicillamine, adenosine, guanine, xanthine, orotic acid, hypoxanthine, thymine, uracil, thiamine, nicotinamide, Ca-D-pantothenate, p-aminobenzoic acid, pteroylglutamic acid, pyridoxamine, riboflavine.
Separation of variants sensitive and resistant to mixtures of lysine and glycirte Lysirte-glycine resistant variant (LR I )
An inoculum taken from a colony of Bacillus cereus CN 753 having fimbriate edges was grown in nutrient broth, the organisms washed and then inoculated into cooled molten medium consisting of BM medium (glucose omitted), impure maltose (1 %) and agar (2%). Plates were poured, dried as usual, and crystals of glycine and L-lysine placed together at marked positions, and the plates then incubated a t 28". Six of the resistant colonies which developed within a lysed area were removed and macerated in 1 ml. sterile nutrient broth. This suspension was then inoculated into 20 ml. sterile broth and incubated at 28' on a shaker for 18 hr. The organisms were harvested and a washed suspension of just perceptible turbidity prepared. Tenfoldserial dilutions were made from this, 0.05 ml. of each dilution spread over the surface of a separate nutrient agar plate and the plates incubated at 28" overnight. A plate bearing 50-100 well-separated colonies was replica plated in duplicate on BM medium agar containing impure maltose (1 yo) + L-lysine (1 mg./ml.) + glycine (1 mg./ml.), and also on nutrient agar. To obtain colonies of reasonable size it was necessary to incubate the BM medium plates for four days a t 28". Nutrient agar plates required only overnight incubation at 28" and were then retained at 4". All the colonies on the nutrient agar replica appeared on the selective defined medium; some had an entire edge, while others had such a pronounced lobate edge that they assumed a satellite appearance (Pl. 2, fig. 7 ). Since the form of the lobate colony was retained on duplicate plates it seemed that it was not the result of a mechanical artifact. Probably the colonial form represented the resistant portions of a colony remaining after those portions sensitive to lysine + glycine had lysed. Isolates were obtained by picking from a single colony of each type. Organisms grown from these, washed and seeded into BM medium containing impure maltose + glycine + agar, showed no lysis around applied crystals of lysine. Similar plates seeded with the dissociated culture of B. cereus CN 753 showed the typical lytic effect. A freezedried stock was prepared from the smooth-edge type and designated L R~.
L ysine-glycilne sensitive variant ( L S )
Using an inoculum of washed cells grown from a fimbriate colony of B. cereus CN 753, replica plates were again prepared as described above but with BM medium agar+impure maltose, Prior to incubation, crystals of L-lysine and glycine were placed together on the plates at precisely located positions, The plates were then incubated and colonies sought which had lysed (in areas close to the lysine + glycine applications) and remained so upon extended incubation (1 week at 28'). Inocula taken from corresponding colonies on the nutrient agar replica were then replica plated repeatedly until many colonies present on the nutrient agar replica remained completely absent from the selective replica. When this was attained, a colony present on the nutrient agar plates but absent from the corresponding position on selective replicas was then picked and grown in nutrient broth to provide organisms from which a freeze-dried stock of the sensitive variant, LS, was prepared.
An auxanographic comparison of the purity of inocula grown from variants LS and L R~ is shown in PI. 2, figs. 8, 9. Subsequent work indicated that variant LS remained as pure as on isolation but L R~ seemed to develop an increasing amount of the sensitive component. This was manifest as a definite thinning of the opacity of plates inoculated with L R~ in the vicinity of superimposed crystals of lysine and glycine. A suitable plate, inoculated with LRI and bearing L-lysine and glycine a t one site, was therefore selected and one matt colony and one smooth colony picked from the surface at a thinning area. Each colony was suspended in a small volume of saline and then streaked on to BM medium agar containing impure maltose
(1 yo) + L-lysine (1 mg./ml.) + glycine (1 mg./ml.). Growth was slow, but after 7 days at 28' single colonies were large enough to transfer to nutrient broth; after overnight growth at 28' the crops were freeze-dried to provide stocks designated L R~/ R and LR 2/s, respectively.
Further r e d d o n of variants LS and ~~2 1 s
During subsequent work it was noticed that on plating the crops obtained by growing these variants in chemically defined (CDM) medium some of the colonies maintained an entire edge, whereas others quickly developed a fimbriate edge. Microscopically each type of colony consisted of large Gram-positive rods ; macroscopically the colonial appearances were not sufficiently dissimilar to suggest contamination. An extreme example is shown in P1. 2, fig. 10 : all colonies from one culture vessel are entire-edged while almost all of those from another are fimbriate though both culture flasks were inoculated with variant LS.
Subcultures on nutrient agar were made from the centre of an entire-edge colony and the periphery of a fimbriate type, and by repeated subculture of young colonies
( 1 8 hr at 28') cultures which retained their entire and fimbriate colonial characteristics were obtained (Pl. 3, figs. 11-14) . Freeze-dried stocks were prepared from crops grown in nutrient broth and
designated variants LS/S, LS/R, L R~/ S S , L R~~S R ,

Derivation of variant LR/VR
Routine plating of variant L R~ revealed the existence of a minute proportion of colonies which developed exaggerated fimbriate characteristics. One was picked, repeatedly subcultured on nutrient agar and a crop then freeze-dried for stock. The relationship of the variants to each other is shown in Fig. 1 Nutritionally each isolate required a supply of preformed amino acids for growth in defined medium but a supply of growth factors of the vitamin B complex was not necessary. These requirements are in agreement with those found for Bacillus cereus, by Knight & Proom (1950) .
S-R classi$catiorz. Impression preparations of young (9 hr) colonies were made according to the method of Klieneberger & Smiles (1942) , but stained with tannic acid crystal violet according to Robinow (1947) to reveal the cell-walls. On the basis of the microscopic appearance of the organisms and their arrangement within the colonies each variant appeared to represent a rough (R) type (Bisset, 1938 (Bisset, , 1948 At 28" on nutrient agar entire-edge types, namely, variants of LS/S and L R~/ S S produced colonies having only a suggestion of medusa-head structure; this became a little more pronounced at 35". The remainder of the variants produced typical medusa-head colonies at both temperatures.
Minimal amino acid requirements. These were determined auxanographically with glucose as carbon energy source and for ease of comparison are shown in Table 1 .
The different auxanographic responses to lysine, glycine, and lysine + glycine are compared in P1.4, figs. 16-21. Lysine was not replaceable by cadaverine, putrescine, histamine, benzylamine or ethanolamine, when tests were carried out with variant LS/S, though partial lysis occurred when lysine was replaced by 11-aminoundecanoic acid, rar -aminocaprylic acid, or a-aminopimelic acid.
The growth response of the dissociated culture and of each of the variants a t 28", in BM medium containing 500 pg. L-glutamateJml., is shown in Fig. 2. The eflect of temperature on growth and amino acid requirements. In a defined medium consisting of BM, glucose and L-glutamate (1 mg./ml.) washed bacteria of the dissociated culture grew heavily at 28O but not at all at 35". Growth of unwashed bacteria in the same medium at 35" showed that proliferation a t this temperature was, in fact, possible, and that one or more factors present in broth were essential for growth. The latter could not be replaced by a second amino acid, or purines, (PI. 3, figs. 11-15).
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pyrimidines, nucleotides and factors of the vitamin B-complex, singly or in admixture. The compounds concerned were in fact a group of amino acids, namely: DL-leucine, DL-threonine, L-arginine, DL-isoleucine and DL-valine. Incorporation of each of these, a t 50,ug.lml. into BM containing glucose and L-glutamic acid, together with L-lysine, glycine and L-cysteine, present in the medium of Johnson growth of variant LS/S (the only variant investigated) at 3 5 O , DL-isoleucine and L-cysteine were not essential, DL-serine and glycine were stimulatory, L-lysine inhibitory, and the remaining amino acids, namely, L-glutamic acid, DL-leucine, DL-valine, DL-threonine and L-arginine, essential. 
DISCUSSION
The results presented show that maintenance of the particular culture of Bacillus cerew used, by repeated subculture on nutrient agar, is undesirable. After many transfers it is possible to observe that a heterogeneous population becomes established since the colonial morphology alters. The physico-chemical and gross biochemical characteristics of pure cultures of the different variants however remain essentially those of B. cereus though their ability to utilize L-arabinose and Dxylose is anomalous. Recovery of the same morphological types after freeze-drying reconstitution and subculture, and also after prolonged (5 days) incubation in defined media at 28' or 85' suggests that each of the variants is relatively stable.
The pattern of nutritional requirements, namely, preformed amino acids essential, B vitamins not essential, remains typically that of Bacillus cereus, though individual differences in amino acid requirements are shown. Variant LS/S probably represents the major proportion of the population of the original dissociated culture since it grows most rapidly and is least exacting, i.e. it will grow in the presence of a single amino acid of the group, glutamic acid, aspartic acid, proline, histidine, threonine or methionine. The other variants are progressively more exacting in that either the number of amino acids which can support growth is fewer (one only for variant LS/R, three for L R~V R ) or that at least two amino acids together are essential (variant L R~/ R ) . These facts presumably reflect differences in the equilibrium positions of metabolic reactions amounting, in some instances, to deficient formation of certain essential compounds. Such variants thus become less well equipped to establish themselves in a mixed population containing variant LS/S organisms. The fact that only one or two colonies of variant LR/VR can ever be seen when the undissociated culture of B. cereus CN 753 is plated possibly bears this out. The number of colonies representing the more exacting (lysine resistant) variants, namely, LR 2 /~, L R~~S S , L R~/ S R , in lytic areas of auxanographic plates is also so much smaller than the total number of bacteria originally present per unit volume, that their combined numbers can represent only a fraction of the total population of the inoculum.
That the ability of the dissociated culture to grow at 35" in the presence of additional amino acids is an expression of the proliferation of a variant favoured by the higher incubation temperature seems unlikely since all the variants isolated show the same effect and are recoverable from cultures grown at 35'. Since growth occurs at 28" in the presence of glutamate only, and at 35" only when additional amino acids are supplied, it appears that at the higher temperature the ability of the bacteria to derive necessary amino acids from glutamate is impaired.
From a consideration of colonial morphology and amino acid requirements it seems that while the pairs of variants LS/S, LR2/SS, and L R~/ R , LR/VR represent extremes (the former being least exacting and barely maintaining rough (R) colonial characteristics, and the latter more exacting and distinctly R-types), variants LR 2 1 s~ and LS/R might well represent intermediate types, or populations of incompletely separated variants. Thus nutritionally these retain less exacting characteristics, due perhaps to the presence of an Ls/s-type, but morphologically the irregular edges of their colonies may represent the proliferation of an ~~2 /~-t y p e .
The variants fall into two groups on the basis of growth rate and lysine sensitivity, the faster growing (LS/S, LS/R, LR/VR) being sensitive to L-lysine and the slower ( L R~/ R , L R~/ S S , L R~/ S R ) resistant. Although elaboration of lytic factors by members of the genus Bacillus is very well known (Waksman, 1045) In the former paper several mechanisms were suggested which would provide an explanation of the lytic effects observed and equally of the lytic effect obtained with L-lysine in the present work. The fact that 1 1 -aminoundecanoic acid, w-aminocaprylic acid, or a-aminopimelic acid can replace L-lysine to some extent suggests, on the basis of similarity of chemical EXPLANATION OF PLATES PLATE 1 Fig. 1 . Appearance of colonies of undissociated Bacillus cereus CN 753 after reconstitution of freeze-dried stock and cultivation on nutrient agar at 28O for 18 hr. showing lysed areas between lysine and glycine, and around' lysine + glycine. (10) show fimbriate edges, while az1 those from replicate flask (12) show entire edges.
P L A T E 3
Appearance of organisms and colonies of variants of Bacillus cereus CN 753 grown on nutrient agar a t 2 8 O , for 9 hr (bacteria), 18 hr (colonies). Preparations by the impression technique. Tannic acid crystal violet stain. Magnification: colonies x 3i; organism x 1600. 
